Introduction
The average sulphur content of heavy fuel oil (HFO) used for marine diesel engines is 2.7% today. This will undoubtedly change with the coming emission legislation, which will lower the emis- However, this solution still requires that it is feasible for the refineries to lower the sulphur level at a reasonable cost and effort. So far, the question is whether there will be sufficient low-sulphur HFO available in the future, and whether marine diesel and gas oils will be used to any wider extent. This is a somewhat political question, which will not be discussed in this paper, but which could result in less HFO produced, more distillate used, and a higher avarage sulphur content in the remaining heavy fuel.
However, we will highlight for the Marine Industry, the technical areas which MAN Diesel & Turbo expects will be affected when changing from higher sulphur fuel oils to lower sulphur fuel oils.
We will inform of the latest experience gained from operation on low-sulphur fuel, and also of the potential operational difficulties if the main engine and auxilliary systems are not prepared.
In cooperation with a number of scrubber suppliers, MAN Diesel & Turbo has completed more than 170 tests on a 1 MW research plant in Denmark. Futhermore, the experience from a full scale test in progress on a 20 MW main engine scrubber will be described in a separate chapter.
Most MAN B&W two-stroke engines of today are operating on fuels with sulphur levels higher than 1.5%. This gives us much experience with high-sulphur fuels. However, on the basis of operation on power stations and special marine vessels designated for operation on low-sulphur fuel, we have created the guidelines described in this paper.
It should also be mentioned that on testbed all two-stroke engines are operated on standard environmentally friendly fuel oil, which is typically a landbased diesel oil with a very low sulphur content and viscosity but, also in this condition, the two-stroke engine operates successfully as long as the necessary precautions are being taken.
Operation on Low-Sulphur Fuels
Latest Emission Control Regulations
The International Maritime
Organisation (IMO)
The IMO Annex VI of MARPOL 73/78,
Regulations for the Prevention of Air
Pollution from Ships has been in force since May 2005.
Thus, the sulphur oxides (SO x) limit applies to all vessels in the category of ships with an engine power output of more than 130 kW.
The general international limit on sulphur is reduced from 5% to 4.5% through the ISO 8217 fuel standard.
IMO has specified that, in future, further limitations will be imposed on SO x as well as on other components in the exhaust gas. 
California Air Resources Board
California Air Resources Board (CARB) has introduced limits on the use of sulphur for distillates.
The EU
The EU has introduced separate regulations to cut SO emissions from ships.
Currently, marine heavy fuel has a maximum sulphur content of 4.5% or 45,000 parts per million (ppm), compared with petrol for cars, which have 10 ppm from 2007. A 0.1% sulphur limit has be introduced on fuels used by inland vessels and seagoing ships at berth in EU ports from 1 January 2010.
The alternative to reducing the amount of SO x in the exhaust gas is to clean the exhaust gas using the scrubber technique. So far, only a few plants are operating with such a solution, and it is still considered primarily for larger engines. See also a later chapter.
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Incompatibility of Fuels
Due to the current considerable price difference, we do not expect total change-overs from heavy fuel to distillates, see Table I . However, an operator could be forced to change over for reasons of fuel availability.
Low-sulphur heavy fuel has a somewhat higher price than the high sulphur heavy fuel, due to increasing demand and the cost of the desulphurisation process.
When switching from heavy fuel to a distillate fuel with a low aromatic hydrocarbon content, there is a risk of incompatibility between the two products. The change-over procedure takes quite some time, during which there will be a mix of the two very different fuels for an extended period of time. The asphaltenes of the heavy fuel is likely to precipitate as heavy sludge, with filter clogging as a possible result.
Even though incompatibility seldom occurs, the most obvious way to avoid this is to check the compatibility between the fuels before bunkering. This can be done manually with a kit on board, or via an independent laboratory. The latter often being too slow a process, as the ship will already have left the harbour before the laboratory returns with the test result. Therefore, in practice, and in the event that the fuel supplier is not supplying both low and high sulphur fuels, the incompatibilities will not be discovered until both fuels are on board.
BP Marine has found that even though the TSP (Total Sediment Potential) and Some of the newer types of cylinder oils are developed to handle a broader line of sulphur content in fuels. The minimum feed rate for proper oil distribution and oil film thickness has so far been set at down to 0.6 g/kWh, which at the above-mentioned equation will be reached at 3% sulphur, Ref. [2] . This means that the theoretical limit, using an ordinary BN70 oil, is 3%.
As an example, an engine using 1% sulphur fuel at a dosage of 0.6 g/kWh would therefore be overadditivated.
A fuel with a sulphur content as low as 0.5% could call for a combination of a low cylinder oil dosage and a low-BN oil (BN40 or even lower).
When this is said, it is essential that the actual cylinder and piston ring condition is inspected. With its unique distribution of oil film, the Alpha Lubricator, see We have reports of older low topland engines operating continuously on low sulphur fuels and with BN70 cylinder oil without problems. In such cases, it is subject to owner decision whether to change to a BN40 cylinder oil.
We refer to our service letters Nos.
SL385, SL479 and SL507 for more information and recommendations on cylinder oil feed rate for specific engine types. For future reference, please always check our latest service letters.
Distillates
The lowest viscosity suitable for twostroke diesel engines is 2 cSt at engine inlet, see Fig. 7 . However, this viscosity limit cannot necessarily be used as a fuel specification for purchasing the fuel, as the viscosity in a purchase specification is tied to a reference temperature. This is due to the fact that the We have tested our standard equipment ability to run on very low viscosity fuel in our in-house test rigs.
The tests confirmed the robustness in our equipment running on the fuels available on the market today.
Due to the design of conventional pumps versus the pressure booster, ME/ME-C/ME-B engines are more tol- In an area for safe operation, change fuel to an available distillate.
At different operating conditions, e.g. start, idle, astern and steady low rpm, gradually change the temperature of the fuel at engine inlet, corresponding to respectively 2, 2.5 and 3
cSt, see Fig. 8 An outcome of the test might be that the specific engine requires a viscosity that cannot be kept due to the influence from the many factors. If the fuel pumps are worn, they must be replaced and the start check repeated.
Installation of cooler or cooler & chiller
To be able to maintain the required viscosity at the engine inlet, it can be necessary to install coolers in the system. We recommend contacting the actual pump maker for advice.
Operation on Low-Sulphur Fuels The poor point is a rough estimate for the lowest temperature at which the fuel will flow and be readily pumpable.
Change-over between heavy fuel and distillates
For specific change-over procedure, reference is made to our general instruction for changing over from heavy fuel to distillate and back in our Opera- 
Ignition and Combustion Characteristics of Low-Sulphur Fuels
The Operation on Low-Sulphur Fuels Cylinder oil system, No. 1 (Fig. 18) One cylinder oil system:
A conventional system that can handle one cylinder lube oil at a time, i.e.
running with a fixed base number. The feed rate can be manually controlled and is seldom adjusted.
Cylinder oil system, No. 2 ( Fig. 19) One cylinder oil system where the en- In general, the complexity of the cylinder lube oil system increases 1 through 3, but not as much as the similar increase for the fuel oil systems, simply because the fuel oil system is more extensive (more components and more space consuming).
One way of preparing the ships could be to install a partition in the cylinder oil storage tank (Fig. 21) , instead of arranging two cylinder oil tanks. Thereby, the tank can be filled in the following way:
Operation on Low-Sulphur Fuels To begin with, saltwater was used as the agent for removing SO x from the exhaust gas. Later, freshwater with NaOH was used and both techniques work.
On an Aalborg Industries (AI) boiler, SO x could not even be measured in the exhaust gas after the scrubbing process with freshwater and NaOH.
This solution seems to be superior to the saltwater solution when it comes to efficiency and the amount of drain and process water, but it will have a consumption of NaOH. 
Summary
It is inevitable that the exhaust gas emission from marine engines will be further regulated, and we expect that many new engines, and especially existing engines, will eventually have to be operated on low-sulphur fuel.
On MAN B&W two-stroke engines, no difference in the engine performance is considered between distillate and heavy fuel operation. However, operators must take the necessary precautions and follow our service instructions All data provided in this document is non-binding. This data serves informational purposes only and is especially not guaranteed in any way. Depending on the subsequent specific individual projects, the relevant data may be subject to changes and will be assessed and determined individually for each project. This will depend on the particular characteristics of each individual project, especially specific site and operational conditions. Copyright © MAN Diesel & Turbo. 5510-0075-01ppr Sep 2014 Printed in Denmark
